MIRU-VNTR typing produced 16 distinct genotypes, with 53 isolates forming eight of the groups, and individual isolates with unique VNTR profiles forming the remaining eight groups. The allelic diversity of each VNTR locus was calculated and only two of the 12-MIRU-VNTR loci presented scores with either a moderate (0.4, MIRU16) or high (0.6, MIRU26) discriminatory index (h). Both typing methods produced similar discriminatory indexes (spoligotyping h = 0.85; MIRU-VNTR h = 0.86) and the combination of the two methods increased the h value to 0.94, resulting in 29 distinct patterns. These results confirm that spoligotyping and VNTR analysis are valuable tools for studying the molecular epidemiology of M. bovis infections in Brazil.
online | memorias.ioc.fiocruz.br Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 107(1): 64-73, February 2012 Mycobacterium bovis is the major causative agent of bovine tuberculosis (TB) and one of the species of the Mycobacterium tuberculosis Complex (MTBC), a group of very closely related Mycobacterium species. M. bovis is usually isolated from domestic cattle, but also infects a range of mammalian species, including humans. Human TB is primarily caused by M. tuberculosis infections, but diseases caused by M. bovis infections have been reported and represent a public health concern (Cosivi et al. 1998 .
Bovine TB is distributed in cattle throughout the world and, according to the disease timelines available in the Worldwide Animal Health Information Database (OIE 2010) , 109 countries reported the presence of M. bovis infections and/or clinical diseases in their cattle herds at some time from [2005] [2006] [2007] [2008] [2009] [2010] . Bovine TB was considered eradicated in most developed countries that have a tradition of cattle farming and the prevalence of the disease has reached very low levels in these countries as a result of severe control policies. In contrast, in developing countries with recently implanted control measures, considerable economic losses consistently occur in regions with intense cattle breeding, such as Brazil and Argentina (Mota & Lobato 1998) .
To improve this situation in Brazil, the National Program for Eradication and Control of Bovine Brucellosis and Tuberculosis (PNCEBT) was created in 2001. Measures included the use of intradermal tuberculin tests (single cervical tuberculin test) as a standard diagnostic screening test and the comparative cervical tuberculin test for confirmation, in accordance with the international standards for the diagnosis of bovine TB (MAPA 2006) .
Similar to recent developments in human TB research, M. bovis genotyping has contributed to a better knowledge of bovine TB transmission and could lead to improvements in the effective management of bovine TB control schemes. The most common epidemiological molecular typing methods for members of the MTBC are the insertion sequence 6110-based restriction fragment length polymorphism (IS6110-RFLP), the spacer oligonucleotide typing (spoligotyping) and the analysis of the copy number of mycobacterial interspersed repetitive unit-variable number tandem repeats (MIRU-VNTRs). While IS6110-RFLP lacks resolution in this species, spoligotyping has been demonstrated to be a fast and cost-effective method for first-line typing (Haddad et al. 2004 ). The MIRU-VNTR typing procedure has been extensively evaluated in M. tuberculosis and the recent data available about this method on M. bovis strains confirmed its considerable power of discrimination (Sola et al. 2003 , Michel et al. 2008 , 2010 . Smith et al. (2006) inferred that a combination of spoligotyping and VNTR typing resulted in the simplest and most cost-effective method for routine molecular typing and epidemiological tracing of bovine TB in Great Britain.
Some previous studies have successfully employed techniques such as IS6110-RFLP and spoligotyping to genotype M. bovis strains isolated from cattle in Brazil (Zanini et al. 2001 , Rodriguez et al. 2004 ), but as far as we know, no data exist on genotyping of M. bovis by combining spoligotyping and MIRU-VNTR typing in our country. We aimed to use spoligotyping and MIRU-VNTR typing to assess the genetic diversity of Brazilian M. bovis isolates.
MATERIALS AND METHODS

Sampling and conventional procedures -During 2001
and 2002, tissue samples from cattle with lesions suggestive of TB were collected immediately after slaughter at the time of inspection in abattoirs. The study samples were collected in abattoirs that followed slaughter inspection procedures from the states of Amazonas (AM), Paraíba (PB), Distrito Federal (DF), Mato Grosso do Sul (MS), São Paulo, Santa Catarina (SC) and Minas Gerais (MG). The sampled specimens from respective carcasses were pooled, put on ice and sent to the Laboratório Nacional Agropecuário de Minas Gerais (Pedro Leopoldo, MG), where they were processed for inoculation in Stonebrink culture medium (Mota 1985) . The cultures were incubated at 37ºC and verified for bacterial growth every week for a period of at least two months. Bacterial isolates were submitted to standard procedures for differentiation of certain species of the MTBC, including the evaluation of niacin production, nitrate reductase activity, Tween hydrolysis, catalase activity at 68ºC and resistance to pyrazinamide and 2-thiophenic acid (Wayne et al. 1974 (Wayne et al. , 1976 .
Spoligotyping -Nucleic acids were extracted from cultures with M. bovis according to Pitcher et al. (1989) . The spoligotyping method was conducted as described by Kamerbeek et al. (1997) . Amplification of the direct repeat (DR) region was performed in a total volume of 50 µL with 0.2 mM of each dNTP (10 mM Tris-HCl, pH 8.0; 50 mM KCl), 1.5 mM MgCl 2 , 20 pmol of each primer (DRa and DRb biotin-labelled primers), 1 U of Taq DNA polymerase and 10 ng of DNA. The polymerase chain reaction (PCR) consisted of an initial denaturation of 96ºC for 3 min, 20 cycles of 96ºC for 1 min, 55ºC for 1 min and 72ºC for 30 s followed by final extension at 72ºC for 5 min. Pure DNA from M. bovis BCG Moureau and M. tuberculosis H37Rv were used in the experiment as positive controls and ultra-pure water was used as a negative control. The PCR products were hybridised to a membrane (Isogen, The Netherlands) containing 43 oligonucleotides of known spacer sequences by reversedline blot hybridisation. After incubating with streptavidin-peroxidase, the spacers were detected by enhanced chemiluminescence detection (ECL Detection kit, Amersham Pharmacia Biotech). Authoritative and unique names (SB numbers) to spoligotype patterns were assigned by Mbovis.org website (Smith & Upton 2011) .
MIRU-VNTR typing -The MIRU-VNTR analysis was performed by determining the VNTR copy number of the MIRU loci 2, 4, 10, 16, 20, 23, 24, 26, 27, 31, 39 and 40, according to method published by Supply et al. (2000) . These PCRs were performed by adding 10 ng of DNA to 25 µL of a mixture of 100 pmol of specific primers for each locus, 0.2 mM of each dNTP, 1 U of Taq DNA polymerase, 1X PCR buffer and a final concentration of MgCl 2 of 1 mM (MIRUs 20 and 26), 1.5 mM (MIRUs 16, 24 and 27), 2.5 mM (MIRU 39) or 2 mM (the remaining loci). Samples were subjected to 95ºC for 5 min, 40 cycles including 95ºC for 1 min, 60ºC for 1 min (55ºC for 1 min for MIRUs 24 and 26) and 72ºC for 1.5 min with a final extension at 72ºC for 10 min. The fragment size of the PCR products was estimated by running them through a 2% agarose gel stained with ethidium bromide (0.5 µg/mL) and comparing them to a 100 bp DNA ladder (Invitrogen, Life Technologies, Carlsbad, CA).
Allelic and genotypic diversity -The discriminatory index (h) was used to calculate the allelic diversity of each VNTR locus and to measure the genotypic diversity attained for each employed method taken individually or in combination to define genotypes (Hunter & Gaston 1988) .
Clustering analysis -Spoligotypes were converted to binary values and MIRU-VNTR profiles were expressed as numerical values by comparing to a table as described by Supply et al. (2000) . These data were introduced into Excel tables and transferred into the Bionumerics package (version 5.1, Applied Maths, St-MartinLatem, Belgium). Spoligotypes and MIRU-VNTR profiles were recorded as character data and were analysed as a combined dataset using the categorical character option as a similarity/distance coefficient and the unweighted pairgrouping method analysis (UPGMA) algorithm to generate a dendrogram.
RESULTS
Sampling and conventional procedures -Presumptive growth of mycobacteria was observed in isolates from 89 of the 185 sampled animals (48.1%). Conventional procedures conclusively identified 61 of these isolates (69%), all of which were M. bovis. Of these 61 isolates, 49 (80.3%) originated from MG and 12 (19.7%) originated from other states. For four isolates, two from SC and two from MG, no information about the municipality of origin was available.
Spoligotyping -Complete spoligotypes were obtained from 61 isolates (Table I ). In total, 17 different patterns were observed, nine of which formed clusters that included 53 (86.8%) of the 61 isolates (designated by us as S1-S9), with the rest considered orphan patterns (13.2%) (S10-S17) ( Table I ). All 17 patterns had been previously reported. The most frequently observed spo-ligotypes were SB0295 (n = 18, 29.5%) and SB0121 (n = 14, 23%) and the frequency of the remaining patterns varied between 9.8% (n = 9) and 1.6% (n = 1) ( Table I ). The distribution of the spoligotypes according to geographic origin is presented in Fig. 1A .
MIRU-VNTR typing -We obtained 16 complete MIRU-VNTR genotypes from the 61 isolates that presented full spoligotype patterns (Table II) . The VNTR types (designated by us as V1-V8) formed eight clusters composed of 53 different isolates and each of the remaining types (V9-V16) were composed of a single isolate. The VNTR types most frequently observed were V7 (n = 15, 24.6%) and V4 (n = 14, 23%) and the remaining types had frequencies varying between 11.5% (n = 7) and 1.6% (n = 1). The geographic distribution of the M. bovis isolates according to their VNTR signatures is represented in Fig. 1B .
Allelic and genotypic diversity -The resolution power of each 12-MIRU locus was calculated using the diversity index of the alleles and is shown in Table III . The values of these allelic diversities differed considerably, ranging between 0-0.06 for MIRU loci 4, 10, 20, 23, 24, 39 and 40 and between 0.10-0.16 for MIRU loci 2, 27 and 31. Higher indexes were obtained for MIRU loci 16 (0.43) and 26 (0.65).
The data summarising the h obtained using both typing procedures are shown in Table IV . Spoligotyping and MIRU-VNTR typing rendered 17 and 16 different genotypes, respectively, and spoligotyping formed the largest cluster. Better discrimination was achieved when combining the two methods, resulting in a genotypic diversity of 0.94 and 29 distinct patterns that included 11 clusters formed by 43 isolates. The largest cluster was reduced to nine isolates, compared with 18 and 15 isolates from spoligotyping and MIRU typing, respectively. The resolution of the clusters formed by spoligotypes through VNTR typing and vice-versa are presented in Table V . Both procedures subdivided the groups defined by each method.
Clustering analysis -A dendrogram based on the composite data of spoligotyping and MIRU-VNTR typing was constructed using the UPGMA algorithm and the result is shown in Fig. 2 . When clusters were defined to have 100% similarity, 43 isolates were grouped into 11 clusters (1 cluster each of 9, 8, 5 and 4 isolates, 3 clusters of 3 isolates and 4 clusters of 2 isolates) and 18 individual genotypes, as confirmed by the h values of the combined techniques. However, we were also interested in clusters formed by applying a less stringent definition for grouping.
Using a cut-off stringency of 85% similarity in the dendrogram, we observed four clusters (Fig. 2) . Cluster I was composed of 4 MIRU types, including two (V2 and V9) with a corresponding SB0274 spoligotype, one (V16) with an isolate corresponding to SB0484 and one (V12) with an isolate characterised as SB1033 (V12). Cluster II included the MIRU types V5 and V11 and the spoligotypes SB0881 (n = 4), SB1145 (n = 2) and SB1806 (n = 1). Cluster III was composed of three MIRU types (V2, V4 and V8), with V4 containing 14 isolates with spoligotypes SB0295, SB0121, SB0332, SB0337, V8 con- 
a: international name assigned by Mbovis.org; b: the black and white boxes indicate the presence and absence, respectively, of the specific spacer at position 1-43 in the direct repeat locus.
taining two isolates of SB0121 and V2 containing two isolates genotyped as SB0120 and SB0295. Cluster IV comprised eight MIRU types (V1, V3, V6, V7, V10, V13, V14 and V15), containing 28 isolates that were further defined by nine spoligotypes: SB0295, SB0121, SB0120, SB1055, SB0134, SB0267, SB1136, SB1802 and SB1803. When using a cut-off value of approximately 80% similarity, two additional clusters were observed: group A, which included spoligotype patterns with spacer 6, but without spacers 8-12 (which are related to the ancestor pattern SB0140), and group B, which included patterns based on BCG-like spoligotypes (Fig. 2) .
Only two isolates, one with MIRU type V10 (SB0295) and another with type V6 (SB1136), could not be clustered under our stringency definitions.
DISCUSSION
Brazil has the largest commercial cattle herd in the world with 185.1 million animals in 2010 and 1.5% growth recorded in 2009. This growth can be explained by several factors, such as a reduction in production costs as a result of extensive farming, the availability of land with attractive prices for production and the use and incorporation of research results and technologies to improve product quality and competitiveness (IBGE 2009 ). However, infectious diseases such as bovine TB have caused great economic losses in national livestock, reducing production rates nationwide.
After its introduction in 2001, the PNCEBT has sought the use of more effective methods to control bovine TB. The recent development of genotyping procedures that are capable of recognising many microorganisms at the strain level has improved the understanding of the transmission of infectious diseases (Struelens & ESGEM 1996) . In the present study, we applied two molecular fingerprinting methods, spoligotyping and MIRU-VNTR typing, to assess the genotypic diversity of Brazilian strains of M. bovis and to better understand bovine TB transmission in Brazil. Previous studies already demonstrated the efficiency of both methods in several countries (Sola et al. 2003 , Boniotti et al. 2009 , Duarte et al. 2010 . In Brazil, however, IS6110-RFLP, polymorphic guanine-cytosine-rich sequence-RFLP and spoligotyping, but not MIRU-VNTR typing, have been reported as typing methods for M. bovis isolates (Zanini et al. 2001 , Rodriguez et al. 2004 ). The approach used in this study for the genetic analysis of M. bovis isolates, combining spoligotyping and VNTR analysis, is still limited in Latin America. In the present study, all 17 identified spoligotype patterns had deletions at spacers 3, 9, 16 and 39-43, which is typical for M. bovis. Table VI compares the frequencies of the main spoligotypes observed in this study with those reported in earlier studies in Brazil and other countries. The less frequent spoligotypes SB0134, SB1055, SB1145 and SB1802 were only observed in two isolates each (3.3%). Type SB0134 has been reported in France (Zanella et al. 2008 , Haddad et al. 2001 ), Spain (Rodríguez et al. 2010) , Italy (Serraino et al. 1999) , mainland Great Britain ) and in Brazil (Viana-Niero et al. 2006) . Type SB1055 has been observed in Argentina, Paraguay, Uruguay, Mexico, Costa Rica and Brazil. Both SB1145 and SB1802 have only been isolated in Brazil (Mbovis.org). The rest of the spoligotypes characterised in our study have been previously isolated in the Netherlands (SB0332, SB0337) (Mbovis.org), Australia (SB1033) , the United Kingdom (SB0267), Argentina (SB0484) and Brazil (SB1136, SB1803, SB1806) (Mbovis.org).
In this study, the most frequent spoligotype patterns were similar to the BCG strain (SB0120), only differing from the original strain by the loss of spacer 21 (SB0121) or spacers 21 and 37 (SB0295). Other spoligotypes observed in this study shared the same features as spoligotype SB0140, diverging from the precursor strain by the absence of spacer 36 (SB0274), spacer 34 (SB1033), or spacers 1, 2 (SB0484). Haddad et al. (2004) suggested the existence of two dominant groups of spoligotypes. The first group is the BCG-like group, represented by its BCG-like ancestor (SB0120) and SB0121, which has a high frequency in countries such as France, Italy, Belgium, Spain and Portugal, as well as in countries that are heavily involved in trading cattle with these countries. The other group, the GB09 group (SB0140), has dominant types in England. According to this theory, the ancestor types either became the dominant pattern in countries where they were introduced or evolved into new but similar spoligotypes. Our data confirm the co-existence of isolates of the BCG-like group (SB0120) and the GB09 group (SB0140) in Brazil. However, the first group was more prevalent.
Corroborating our findings, identified a new clonal complex of M. bovis named European 1 (Eu1), characterized by the deletion of the chromosomal region of difference RD17 or RDEu1, marked by the loss of spoligotype spacer 11 and represented by SB0140 as the most common spoligotype pattern associated with this clonal complex. According to the authors, this clonal complex is observed at a low frequency in Brazil, but is dominant in neighbouring South American countries. MIRU-VNTR types (n) Spoligotype patterns (n) S1 (3) V2 (1), V7 (1), V13 (1) V 1 (3) S3 (3) S2 (14) V8 (2), V4 (3), V14 (1), V7 (8) V 2 (7) S1 (1), S3 (1), S5 (5) S3 (18) V1 (3), V2 (1), V6 (1), V7 (3), V4 (9), V10 (1) V 3 (2) S6 (2) S4 (4) V5 (4) V 4 (14) S2 (3), S3 (9), S11 (1), S14 (1) S5 (6) V2 (5), V9 (1) V5 (6) S4 (4), S9 (1), S10 (1) S6 (2) V3 (2) V6 (4) S3 (1), S7 (2), S17 (1) S7 (2) V6 (2) V 7 (15) S1 (1), S2 (8), S3 (3), S8 (2), S12 (1) S8 (2) V7 (2) V 8 (2) S2 (2) S9 (2) V5 (1), V11 (1), --S10-S17 (8) V4 (2), V5 (1), V6 (1), V7 (1), V12 (1), V15 (1), V16 (1) V9-V16 (8) S1
(1), S2 (1), S3 (1), S5 (1), S9 (1), S13 (1), S15 (1), S16 (1) Therefore, strains from Brazil should be derived from the BCG-like spoligotype patterns. According to Feldman (1955) , bovine TB was introduced into Brazil with cattle imported from Europe during the colonisation of Brazil in the early 16th century. This activity intensified from 1920-1930. In addition, tuberculin testing was not introduced until 1937 and therefore, prior to that, infected animals could freely transmit bovine TB (Feldman 1955) . Nevertheless, a more detailed genotyping study on a representative number of isolates from all Brazilian states would better reveal the population structure of M. bovis strains in Brazil, reflecting how they spread. The 12-MIRU-VNTR loci differentiated 61 M. bovis strains into 16 distinct types and unexpectedly, using 12 MIRU loci for this typing procedure resulted in the clustering of 53 of the 61 isolates (86.9%), producing the same grouping level as that of spoligotyping. However, the number of isolates in the defined clusters by spoligotyping was reduced by MIRU-VNTR typing (from 2-18 to 2-15).
In this study, only MIRU loci 16 and 26 showed considerable discriminatory power and a total absence of allelic diversity was observed for MIRU loci 10, 20, 23 and 39. This finding is in agreement with previously published data showing that MIRU locus 26 is the most discriminatory locus for M. bovis, while loci 2, 4, 10, 20, 23, 24, 27, 31, 39 and 40 are less or not at all discriminatory (Roring et al. 2004 ). Contrary to these findings and other reports, some studies observed little allelic diversity for MIRU locus 16 (Roring et al. 2004 , Boniotti et al. 2009 , Duarte et al. 2010 ). In addition, Hilty et al. (2005) found a moderate level of allelic polymorphism for MIRU loci 4 and 27 and Allix et al. (2006) reported high allelic diversity for MIRU loci 24 and 27.
In our study, MIRU loci 2, 27 and 31 were involved in a single (MIRU loci 2 and 27) or two-loci variation (MIRU locus 31), i.e., were able to discriminate some isolates from other closely related isolates based on variations of one or two alleles in their respective loci. Thus, along with MIRU loci 16 and 26, these three loci were added to the minimal subset of loci capable of discriminating between 87.5% (14 of 16 types) of the genotypes assigned to M. bovis isolates.
Many reports on the MIRU-VNTR genotyping of M. bovis isolates tested other sets of tandem repeat loci, such as the ETRs (ETR A-F) (Frothingham & Meeker-O'Connell 1998) or the Queen's University Belfast VNTRs , demonstrating an increasing discriminatory power in the case of M. bovis isolates, either epidemiologically related or not (Roring et al. 2002 , Allix et al. 2006 , Boniotti et al. 2009 , Duarte et al. 2010 ). According to Roring et al. (2004) , although some individual loci have a high discriminatory power for both M. tuberculosis and M. bovis isolates, others seem to be more polymorphic for a particular species and thus, in general, fewer polymorphisms are observed in M. bovis isolates. In addition, regional differences in the discriminatory power of genetic markers make it necessary to define an optimal combination of genotyping markers to be used in a particular region or country (Roring et al. 2004 , Hilty et al. 2005 . Therefore, we suggest that only a few loci (including MIRUs 16 and 26) from the 12-MIRU-VNTR should be used to create a proper subset of loci to genotype Brazilian M. bovis isolates. Currently, we are analysing the h values of more loci to add them to the presently defined panel.
The spoligotyping h value (0.85) in our study was similar to that found by Allix et al. (2006) and Rodríguez et al. (2010) and higher than that obtained by Roring et al. (2004) , Hilty et al. (2005) and Michel et al. (2008) . An almost identical h was attained for 12-MIRU-VNTR typing (0.86), but the combined analysis resulted in an h value of 0.94, confirming their value in genotyping M. bovis isolates (Frothingham & Meeker-O'Connell 1998 , Sola et al. 2003 .
A final cluster analysis was performed on the genotypes, considering both the DR region and MIRUs and the number of clustered strains, and the cluster sizes were highly dependent on the stringency used to define the clusters. Using 100% similarity as the definition for clustering, we observed 29 different genotypes from 61 isolates and both methods were congruent, keeping isolates with possible epidemiological links grouped (dashed squares in the dendrogram) and keeping isolates characterised as unique types ungrouped in both tests. According to Smith et al. (2006) , this congruence observed between spoligotyping and MIRU-VNTR typing is consistent with the clonal population structure of M. bovis.
When using a stringency value of 85% similarity to define clusters, we observed four principal groups (Fig. 2) . The first group was comprised of isolates from specimens collected in the southeast and south of the country. This cluster was composed of spoligotypes that had been previously isolated in countries such as Argentina (SB0484) and Australia (SB1033), which have close relationships with Britain , Zumárraga et al. 1999 , with most of the isolates genotyped as GB09 (SB0140) (Haddad et al. 2004) . Type SB0274, which is close to this ancestral genotype, was first isolated in British territory (UK) (Haddad et al. 2001) and suggested that the UK was the distribution centre of the Eu1 clonal complex, which is best represented by the SB0140 spoligotype. Group II clustered spoligotypes that were characterised from isolates obtained only in MG with two spoligotypes identified in Brazil (SB1145, SB1806). Isolates from MG, MS and SC were grouped into cluster III, with a strong representation of spoligotypes belonging to the BCGlike group (SB0120). The last cluster (IV) was represented by isolates from the southeastern (MG), northern (AM), northeastern (PB) and centre-west (DF) regions of Brazil. Spoligotypes of this cluster have previously been characterised in Continental European countries. One spoligotype, SB0134, had previously been isolated in countries of the Americas. The spoligotypes SB1802 and SB1803, thus far only identified in Brazil, were also grouped in this cluster (Mbovis.org).
Finally, using 80% similarity to define clusters, we observed two main clusters (Fig. 2) that were subdivided by ancestors of the GB09 (SB0140) and BCG-like groups. This result confirms our first statement on the coexistence of spoligotype patterns descending from these groups in our country. Cluster A had the same composition as that observed in group I, as defined with the higher stringency setting. The second cluster (B) was shared by genotypes that descended from the BCG-like spoligotype (SB0120), which is found worldwide, such as SB0121, SB0295 and others from countries such as France, Belgium, Spain, Netherlands, Italy and those closely linked to these countries. The SB1055 spoligotype has previously been recovered in Brazil, Argentina, Paraguay, Uruguay, Mexico and Costa Rica, and spoligotype pattern SB1145 has only been characterised by spoligotyping, until now, in Brazil (Mbovis.org).
In conclusion, our results reinforce the need to standardise methods with high discriminatory power that can effectively track M. bovis infections in Brazilian cattle herds. The methods used in this study to genotype 61 M. bovis isolates from Brazilian cattle herds produced a high discriminatory index. Currently, new VNTR loci are available to create several subseries with a high power of resolution. According to Sola et al. (2003) , the combination of spoligotyping and MIRU-VNTR typing are still considered to have the best cost/output ratio in TB genotyping, a statement that has been confirmed by recent studies (Allix et al. 2006 , Boniotti et al. 2009 , Duarte et al. 2010 . Therefore, we suggest using spoligotyping as an initial screening tool for M. bovis isolates and combining it with a more discriminatory method, such as VNTR typing, for more advanced analysis of the molecular epidemiology of bovine TB, e.g., for studies identifying risk factors for recently transmitted TB and to trace cattle within the country and between Brazil and other countries, thus increasing the effectiveness of control programs and disease eradication.
